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Abstract

This study aims to identify the needs in the development of teaching materials on low carbon education,
which is still rarely delivered at the VII grade secondary school level. This research uses the Mix Method.
Quantitative data collection with a total of 100 respondents located in Bogor regency in the 2024/2025
academic year using assessment questions on the level of knowledge, low carbon competencies, and
environmental care attitude questionnaire. Meanwhile, qualitative data were generated from observations
of climate resilience based on the geographical location of the education unit. The results of this study show
that students still need improvement in knowledge, low carbon competency, and environmental care attitude.
The climate resilience analysis shows that the school conditions have the potential to implement learning
that raises environmental issues to be used as topics in learning, and the use of social media. Therefore, the
need for the development of teaching materials includes learning that contains videos or images, case studies
with local issues, accompanied by group assignments that integrate social media as a medium for campaigns
to protect the environment, so that it accommodates learning that forms an attitude of environmental care.
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INTRODUCTION

Low carbon knowledge and competence
from the results of this study were found to be
still low that which needs to be improved to
support students as part of the school
community to be able to play a role in
protecting  the through
environmental conservation starting from
school. In Bogor District, environmental
education has been strongly promoted through
the environmental culture care movement
program through Adiwiyata School. The
development of the Adiwiyata program in
Bogor Regency is very positive, marked by a
number of verified schools reaching the
Adiwiyata Mandiri level (SETDA, 2024).
Knowledge and competencies to support the
formation of the character of environmental

environment

care attitudes need to be taught through
teaching materials in teaching and learning
activities (Santika et al., 2023). Asrial et al.,
(2021) revealed that relevant teaching materials
with the selection of appropriate learning
models and methods can shape and improve
students’ environmental care attitudes.

Curriculum analysis is the first step in
developing, preparing, and designing the
learning objectives that students need (Latif et
al., 2019). In curriculum analysis, there is also
an analysis of the learning content needed by
students based on the independent curriculum is
seen from the phase D learning outcomes for
Junior High School the compiled into learning
objectives and then elaborated into a flow of
learning  objectives.  The  independent
curriculum gives educators the freedom to
develop the content to be taught according to be
specific needs of the region (Tunas & Pangkey,

2024)

The Kurikulum Merdeka also includes
climate change education as one of the
mitigation and adaptation efforts to climate
change currently faced because education is
considered to have a huge influence to
encourage real change through ‘changing
perspectives, mindsets to behavior to protect
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the environment through the insertion of
concepts, materials to form knowledge and
competencies in learning designs so that
students can educate themselves to care for
their environment (Mahfud & Setya Budi,
2025)

Climate change education includes a
discussion of the causes, impacts, and ways of
mitigation and adaptation. The cause of climate
change is Greenhouse Gases (GHG) produced
by human activities, ranging from energy use
through burning coal used by humans, CO; gas
released by humans, meat consumption,
accumulation of organic and inorganic waste
that has the potential to emit methane gas and
even carbon dioxide from burning inorganic
waste that is not managed properly (PBB
Indonesia, 2022)

Knowledge and competencies for
climate change mitigation and adaptation can
also be delivered specifically through low
carbon education. Low carbon is a very
influential concept for efforts to reduce carbon
emissions (Yuan et al., 2011). Low carbon
education in schools is measured by several
indicators in the energy sectors, transportation,
procurement  of  efficient  equipment
(environmentally friendly school
infrastructure), green areas, and waste
management (from production to waste
management with Reduce, Reuse, Recycle)
(Marques-Valderrama et al.,, 2023). In this
study, the waste management indicator will be
the focus in the application of low carbon
education as the instrument used contains
questions about knowledge of types of waste,
waste issues, impacts, and how to deal with

them.

This research aims to make a practical
contribution by analyzing the needs for
developing low carbon education teaching
materials based on school geographical
conditions and student characteristics, to
propose an innovative, contextual framework
and relevance. Promote low carbon practices in
secondary education to reduce the gap between
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the  global  environment and  local
implementation of environmental education.

METHOD

This research applies the Mix Method
with a convergent parallel design, quantitative
data collection using low carbon knowledge
and competency assessment instruments, and a
survey of students’ environmental care
attitudes, which are analyzed using descriptive
analysis. The subjects in this study were 100
junior high school students in the Bogor district
in the 2024/2025 school year.

Simultaneously, qualitative data were
collected through observations of the climate
resilience of the school’s geographical
conditions, adapted from the Ministry of
Education’s climate change book. After the
quantitative and qualitative analysis was
conducted, the data were explored for
similarities and differences in their findings.
Furthermore, data triangulation was carried out
between knowledge, competencies,
environmental care attitudes, and the results of
climate resilience observations according to the

geographical conditions of the school.

Quantitative data analysis technique, the
percentage of individual learner achievement in
learner knowledge and competence is
calculated using the formula. (Evriana et al.,
2016):

Total Score
X100 %

Percentage = Maximum Score

The data analysis technique for
students’ environmental care attitude is to
calculate the percentage using a Likert scale
containing 5 alternative answers. Score 5 for the
highest score and score 1 for the lowest score
(Apriyani et al., 2021) and analyzed the data by
calculating the frequency distribution with the
categories very low, low, medium, high, and
very high (Adri et al.,, 2024). The correlation
between knowledge and low carbon
competence of students was analyzed using the
Pearson correlation test using SPSS 26 and
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found to be positively correlated with a sig
value. (2-tailed) 0.214<0.05 (Jabnabillah &
Margina, 2022).

The low carbon education test
instrument in this study has passed the
validation stage, as 2 instrument experts
obtained a reliability coefficient of 0.707,
which was tested by the Cronbach alpha
formula (Khumaedi, 2012). These gains are
included in the high reliability criteria
(Guilford, 1956). The validity test of the
research instrument has also been carried out on
43 students in class IX before being
implemented on the research subjects, and the
question items were declared valid with a 2-
tailed significance value <0.05.

RESULTS AND DISCUSSION

The needs analysis for the development
of teaching materials has been carried out on
100 junior high school students in Bogor
district in the 2024/2025 academic year. The
instruments used include low carbon
knowledge and competency questions and
survey instruments for students’ environmental
care attitudes. Then, an analysis of climate
resilience based on geographical location was
also carried out using instruments adapted from
the Ministry of Education and Culture’s climate
change book.

Based on the data analysis that has been
carried out, it is found that the knowledge and
competence of students need to be improved
again, here is the average achievement of
students on knowledge and competence
regarding low carbon in Figure 1.

The Average Percentage of
Individual Learner Achievement

1

0% 20% 40% 60%

Figure 1. The Average Percentage of
Individual Learner Achievement
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Based on the data that has been obtained,
it is only 57% of students reach the minimum
individual absorption (Daya Serap Individu) in
the knowledge aspect, and the carbon
competence of students is still low. The
individual absorption of students has been said
to be complete if it has reached equal to or more
than 60% and competence regarding low
carbon education. Evriana et al., (2016) also
stated that the level of comleteness of learning
achievement or individual absoption is said to
be complete if it has passed equal to more that
60%.

Absorption is the ability of students to
take or absorb what they have learned (Haryani
et al., 2021). Learning that is systematic, has
clear objectives and is in accordance with the
needs of students is needed to increase students’
knowledge and competence. Teachers play a
very important role in designing meaningful
learning. (Ummah et al., 2024). Low carbon
education teaching materials can be designed
according to the geographical conditions of
students, so that learning will feel close,
contextual, and meaningful to students.
(Handoyo & Sukamto, 2019).

The achievement of low carbon
knowledge of learners was 1% very low 32%
low, 27% medium, 28% high and only 12% fell
into the very high category. Below in Figure 2
is the diagram for learners’ low carbon
knowledge.

Learners' Low Carbon Knowledge

25%

20%

15%

10%
50 0 I
0% -

Very Low Middle High Very
Low High
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Figure 2. Learners’ Low Carbon Knowledge

The achievement of the low carbon
competence of students was found to be 3% in
the very low category, 39% low category, 30%
medium category, 18% high and only 10% in
the very high category. Below is a diagram of
students’ low carbon competence.

Learners' Low Carbon Competence
50%

40%

30%
20%
0% . I

Very Low Middle High Very
Low High

Figure 3. Learners’ Low Carbon Competence

From the data analysis of the
correlation between knowledge and low carbon
competence, it is found that knowledge and low
carbon competence are positively correlated
with a sig value. (2-tailed) 0.214<0.05.
Indicated that if students’ knowledge increases,
students’ low carbon competence will also
increase. This is supported by research
conducted by Baartman & De Bruijn, (2011);
Edelsbrunner et al. (2023) Knowledge and
competence construct each other because
several components of competence require
good knowledge to produce good competence.
Research conducted by Warastuti et al., (2025)
Also shows direct empirical evidence that
knowledge of renewable energy and low carbon
education affirms students’ low carbon
competence, while Anwar & Bayani, (2024)
Showed that implemented E-PjBL boosted
environmental literacy and competency. and
competency.
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Figure 4. Correlation Between Knowledge and Competence of Low Carbon

Furthermore, this research also analyzed

the geographical conditions using the analysis

format from the climate change guidebook

published by the Ministry of Education and
Research. (BNSP et al., 2024).

Table 1. Analysis of Climate Change in Risks and impacts of change

The typ.e of The Shape of Implementation How To Optimize
modality
Human - Learners’ understanding of the - Strengthening understanding of climate crisis
Capital climate crisis and low carbon issues issues through low carbon education

- Habitual low carbon behavior:

waste management

Religious and

Education unit culture related to

- Reinforcement of low carbon and climate-
resilient behaviors in the form of habituation or
programs in education units

Reinforcement through environmentally friendly

Cultural morals to nature attitudes

Capital

Social Media Campaign on learners’ social media Take climate action by changing personal habits
Capital about low carbon lifestyle (4Rs) and socializing with peers and social media

Climate change risk analysis and the
impact of change consist of human capital,
religious and cultural capital, and social media
capital. According to research conducted by
Sezgin et al., (2024) Human capital aspects in
dealing with climate change support the
emissions through
training and

reduction of carbon
investment in education,
increasing public awareness to protect the
environment. The human capital aspect of the
observation results is strengthened through
climate education through knowledge and
environmental change to optimize the
understanding of low carbon and the impact of
the climate crisis, as well as strengthening

defenses against the climate crisis with a
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change in behavior on the environment. The
aspects of religious capital and school culture
show that there is already good progress in
of maintaining

cleanliness (Kebersihan
iman), so that from this

understanding the morals
environmental
sebagian dari
understanding, schools with their policy only
need to optimize again in the context low
carbon education, this aspect is a foundation to
rise climate resilient. (Raissa et al., 2021).
Students’ potential for
behavior is shaped through social media. The

pro-environmental

social media aspect becomes a medium to take
environmental conservation actions from
students with the 4R campaign (Ballestar et al.,
2020).
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Table 2. Modality Analysis for Climate Change

Geographical Location of
Education Unit

Things to watch out for

Selected Response

Higher air temperature increases

Educating healthy habits (Bringing
water from home)

Located in a Rural Environment
that is building infrastructure
(Housing)

Waste disposal management must
be further improved to be more
environmentally friendly

- Implementation the principle of
4R (Reduce, Reuse, Recycle,
Replace)

- Campaigning for
environmentally friendly and
sustainable lifestyles

From Table 2, teaching materials are
developed by the geographical conditions, with the
geographical conditons and modalities of educators
and the potential of schools to respond to climate
change. It shows that low carbon education
teaching materials can be a potentially effective
learning alternative to be developed. The Increase
in temperature due to global warming has been felt
by every individual in schools with the
geographical conditions close to housing
developments. This is the impact of cutting down
plants. Then another problem found is the
management of school waste management that has
not been maximized. These problem can be sensed
directly by students and become materials for
analysis for students learning in low carbon
education, until it results in a solution that students
formulate as environmental learning, it is called
contextual learning (Sumintono, 2018). Contextual
learning is meaningful learning or situation-based
learning that really happens around students.
Students build knowledge throuh situations that
occur around them, this learning reflects students’
experiences and builds collaboration because
together they analyze and construct knowledge into
experiences (Dwinaeni et al., 2024). From the
observation of georaphy conditions related to two
things that are the focus of contextual learning,
namely increasing temperature, and school waste
management, the response chosen as a learning
objective for students is the education of healthy
living habits, like bringing water bottles from
home, and the implementation of 4Rs. Carbon
Neutral School Foundation (2022) emphasizes that
the use of water bottles brought from home or
tumblers instead of single-use plastic can not only

reduce carbon emissions but also improve students'
hydration, which has a positive impact on students'
concentration.

The environmental care attitude of students
has emerged well, with a high presentation of 50%
of students out of 100 students having raised their
environmental care attitude and expressed a
positive response to agree, and 20% of students
showed a tendency to strongly agree with the
statement of environmental care attitude items. The
more diverse the response categories, the freer the
learners are to show their tendency of attitude
responses (Hadi, 2013). However the results of the
preference for environmental care attitude are
different from those stated based on direct
observation at school, there are still many students
who do not behave like the tendency of the answers
given in the questionnaire, therefore to optimize
this, it can be improved again through a new
approach, namely learning throuh low carbon
education teaching materials that can increase the
consistency of the sustainability of students’
environmental care attitudes that can increase the
consistency of the sustainability of students’
environmental care attitudes.

Based on the desription above, low carbon
education teaching materials need to be developed
by containing many examples of low carbon living
practice guidelines and encouraging students to
practice them through independent or group tasks
so that knowledge becomes the basis for students
in protecting their environment because knoledge
is a combination of information, experience and
opinions formed betweeh individuals and their
interacting environment (Chua, 2002; Mi & Nie,
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2012). The student has low carbon competence,
namely the ability to know, formulate, and
determine something (Marques-Valderrama et al.,
2023). It is important, because in the questionnaire
statement item 18 with the statement “I am able to
take the role of expressing opinions about solutions
to environmental problems around me” there is still
a high percentage of students who answer neutral
as much as 33%, disagree 7% and strongly disagree
11% with a total of 51% tendency to negative
response disagree and strongly disagree. This
implies that students still lack confidence based on
strong knowledge. In line with this, Hasanuddin,
(2020) states that opinions need to be equipped
with knowledge as an initial construction for their
new experiences. Learners who have qualified
knowledge and competence will increase their
confidence and be able to express opinions about
solutions to environmental problems (Valero Haro
et al., 2022).

The results of the study illustrate that
quantitatively, the average individual absorption of
learners on low carbon knowledge is still low,
while only 28% have completed mastering low
carbon competencies. This is consistent with the
statement of learners who admit that there is still a
lack of understanding of the concept of a low
carbon footprint and concrete actions that are
environmentally friendly. The correlation test
shows a significant positive relationship between
increasing knowledge will have a direct impact on
the ability to apply the concept of low carbon.

Environmental Care Attitude
Diagram

B Sangat Tinggi
130-150

Tinggi 105-129

Sedang 80-104

Figure 5. Environmental Care Attitude Diagram

Although 70% of students expressed
environmental awareness through the survey
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results, field observations revealed that there are
still inconsistent behaviors such as littering, and not
bringing their own drinking and eating places,
causing the use of plastic to remain high. The
geographical condition of schools in rural areas,
with the risk of flooding and the challenges of poor
waste management, is also a concern, so that in
learning activities, students must be presented with
materials that are contextual to local conditions.
(Salo et al., 2019). In several studies related to
environmental care attitudes, several factors
influence students’ environmental care attitudes,
including environmental knowledge factors,
personal values and norms, empathy that raises
motivationtion, awareness of protecting the
environment, good habits in protecting the
environment, self-efficacy and cognition that have
a major effect on the transition of values to action.
(Hasyim & Ningrum, 2024; Herlina et al., 2025;
Kukkonen et al., 2018).

The school modalities observed have
human resources, such as teachers and students
who have an interest in environmental
conservation. Then, the value of environmentally
friendly culture around the school, such as 4R
(Reduce, Reuse, Recycle, Replace), can also be
used as inspiration for students to develop
environmental care attitudes. The application of the
4R priciples in waste management has good
potential in increasing students’ knowledge,
competence and environmental care attitudes, the
function of applying the 4R principles is to make
students actively participate in spreading the 4R
culture and intervening in actions so that they can
reconstruct bad habits that have an impact on the
environment (Emilia et al., 2023; Helmi et al.,
2018). The findings recommend the development
of teaching materials that contain video so that they
can increase students’ low carbon knowledge
(Christodoulou et al.,, 2024), Insert a carbon
footprint calculation simulation in the teaching
material so that students can understand the
concept and improve their low carbon competency
(Salo et al., 2019). Previous research shows that
when schools implement environmental education
learning  that integrates carbon footprint
calculation, it will increase students’ awareness of
environmental conservation, such as saving
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electrical energy, water, and reducing single-use
plastics. If this is done continuously over a long
period, is is the same as supporting sustainability
programs, especially in SDG 13: climate action
(Pangestuaji Widodo et al., 2023). Local case
studies and group reflections also help learners to
strengthen the consistency of environmental care
attitudes, so it is expected that teaching materials
can increase the effectiveness of low carbon
learning (Sagala et al., 2019). In environmental
education, the preparation of appropriate teaching
materials directs understanding of concepts in a
structured manner to help students learn according
to the cognitive lebel of students, materials that are
in accordance with reality have an impact on
everyday life and activate students’ empathy and
concern, for example learning about waste
management because seeing firsthand the
surrounding phenomena will be more meaningful
than being presented with abstract examples and
far from the reach of students. The right teaching
materials also form a sustainable mindset so that it
becomes a transformation tool not just materials or
theory in line with research conducted by Kahar
(2018) that local potential-based teaching materials
increase students’ environmental care attitudes
throuh a character integration process that supports
the internalization of the values of responsibility
and love for the environment so that the material or
theory learned is more meaningful because it
inspires real action from students throuh the
learning process.

CONCLUSION

This study shows that the knowledge and
low carbon competence of seventh-grade students
in Bogor Regency is still low, with a 57%
absorption rate, while the absorption rate is said to
be maximum if it has reached 60%. The attitude of
environmental care is classified as good in the
questionnaire, but the observation results show that
not all statements are in line with the reflection of
real behavior at school. Analysis of climate
resilience and geographical conditions shows the
need for contextualized learning and raising local
issues. The 4R Culture is also a good asset to
develop, and social media can be used as a medium
to campaign for environmental awareness.

Analyzing The Needs of Teaching and Learning Content ...

Therefore, low carbon education teaching materials
need to be developed by containing videos or
pictures of local environmental issues, as well as
collaborative assignments, in order to increase
knowledge, competence, and consistency of
students’ environmental care attitudes.
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